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/ I cular tree supplying the area, that is, the number of blood vessels and their cross-sectional area. The second is the degree to which the smooth muscle in these vessels is actively contracting to produce what is known as tone. That the blood flow depends on these two variables is demonstrated in Figure 1 , which shows the pressure-flow curves obtained from the hind limbs of two dogs. The two preparations in the denervated state had approximately the same rate of blood flow but in one of them (left) the removal of vascular smooth muscle tone by an intra-arterial infusion of supramaximal doses of acetylcholine led to a twentyfold increase in Repeated dose response curves to norepinephrine in a rabbit in the normal state and again after the development of hypertension.
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Each study was performed after the animal had been given a large dose of hexamethonium.
flow.
In the animal shown on the right, release of vasomotor tone led to a much smaller increase.
In the second preparation, therefore, there was a large element of residual or structural resistance, whereas vascular smooth muscle played a smaller part in the regulation of flow. The separation of these two variables in hypertension has never been satisfactorily achieved.
STRUCTURAL FACTORS IN HYPERTENSION
The possibility that structural factors might be involved in the changes in resistance in the state of hypertension wassuggested by a study of the increased reactivity to administration of catecholamines in animals with hypertension. ' The response of the blood pressure in a rabbit to administration of norepinephrine in the normal state and again after the development of hypertension is shown in Figure 2 . The increase in pressor effect occurs gradually over the course of a month after the development of hypertension, during which time the elevated level of the blood pressure has not changed.
The increased reactivity is therefore not a passive reflection of the hypertensive state but develops independently. Further investigation of this phenomenon revealed that it was not confined to norepinephrine but was a non-specific response to many pressor agents and also to depressor drugs.2J It was also found that the duration of the response to administration of norepinephrine or nitroglycerin was not prolonged in the hypertensive state as might be expected if there were a true increase in sensitivity of vascular muscle to these drugs.
Injection of nitroglycerin provided further interesting and unexpected results in animals with hypertension.
However large the dose of nitroglycerin, the blood pressure could never be reduced to the same level in hypertension as it could in the normal state4 (Fig. 3) .
These results suggested the possibility that increased reactivity in hypertension could be explained on a mechanical basis if there were an increased thickness of the internal layers of the arteriolar wall. This would give increased vascular responses to drugs, yet it would be a non-specific effect and the duration of the action of the drugs would be unchanged.
Plethysmographic Studies: At this time it was demonstrated by Folkow6s6 that in hypertension in human beings the blood vessels of the forearm could not be dilated to the same extent in patients with hypertension as in normotensive subjects.
Since the concept of an increased structural resistance would have an important bearing on our understanding of the nature of hypertension, further investigation of this possibility has been undertaken in eleven normal subjects and twenty-seven patients with hyperten- sion. Blood flow in the forearm was measured by a Whitney strain gage plethysmograph7 after maximal dilation was produced by exercise and &hernia of eight minutes' duration. The greatest blood flow recorded after ischemia, taken with the level of blood pressure, gave the structural resistance.
The mean resistance in the normal subjects was 2.20 peripheral resistance units per 100 cc. of tissue, whereas only 2 patients with hypertension had this level.
The relation between the structural resistance and the severity of hypertension is shown in Figure 4 . Thus it can be seen that the structural resistance rises roughly in proportion to the level of blood pressure.
It is possible that this increased structural resistance is the consequence of hypertension and not associated with its initiation.
If this were so the structural changes demonstrated here would l)e an indication of the accelerated arteriosclerosis associated with hypertension. Preliminary studies, however, show that the development of structural changes in hypertension is not a continuing process, since there is no demonstrable association between the level of structural resistance and the duration of hypertension.
SUMMARY
Studies on hypertension in both human beings and animals have shown an increased response to vasopressor and vasodepressor agents.
This increased reactivity, as well as the incompleteness of vasodilatation by large doses of vasodepressor agents, is believed to be due to structural changes in the vascular tree.
Plethysmographic studies have demonstrated an increased structural resistance in blood vessels of the forearm in patients with hypertension as compared with normal subjects.
